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Importance of Antennas 


Antennas are more important than the radio 


A $5000 TV with rabbit ears will have a lousy 


picture 
Antennas are cheaper than amplifiers 


Antennas ate reciprocal — they hear as well as they 


talk 


Antennas are easy and cheap to build 


Choosing Antennas 


Frequency — Dictates element size 

Mounting location — Base, mobile or portable 
Omani ot directional — Coverage or gain 
Polarization — Horizontal, vertical, circular 
Resonant ot non-resonant — Tuner required? 
Required bandwidth 

Power available 

Feedline length and type 

Cost 


What is Gain? 


Antenna gain comes from focusing energy 
Power is not created 

Gain is great if power goes in a useful direction 
As gain goes up, so does directionality 

Higher gain also implies lower bandwidth 


Gain is determined by design, not manufacturer 
= There is no magic — a half wave design is the same 
specs everywhere 


dBi vs. dBd 


= dBi - Gain vs. Isotropic Resonator 
= Isotropic Resonator is infinitely small antenna with 
no feedline in free space radiating equally well in all 
directions (spherical pattern) 


= dBd - Gain vs. Reference Dipole 


» Gain referenced to a “real” dipole antenna with a 
donut-like pattern 


= dBi = dBd + 2.15 dB 


Gain/Loss Calculations 


= ERP (Effective Radiated Power) is the real 
number to consider 


= Gain uses a Log-10 scale 
= 3dB = 2-fold improvement 
: 6dB = 4-fold improvement 
» 10dB = 10-fold improvement 
= 20dB = 100-fold improvement 


- ERP=Power x (Gain - Feedline Loss) 


Coax Cable Signal Loss (Attenuation) in dB per 100ft 


1.9dB 0.4dB 0.5dB 0.2dB 0.2dB | 0.2dB 0.3dB 
10MHz 3.3dB 1.4dB 1.0dB 0.6dB 0.6dB | 0.4dB 0.5dB 


SWR Power Losses 


= A/ power fed into the line, minus the line 
attenuation, is absorbed into the load (antenna) 
regardless of the mismatch at the antenna terminals 


= [ine attenuation (loss) is the key factor in 
determining losses due to mismatched antennas 


(high SWR) 


SWR Loss Examples 


= Mismatched feedlines create SWR Losses 
additional losses Tod (oat 
= SWR losses are added to line 
attenuation for total loss 
values 
0.2dB or 5% 
0.6dB or 13% 
1.5dB or 29% 
3.0dB or 50% 


BNC Plug (Male) 


RP-SMA Plug (Male) 


RP-SMA Jack (Female) 


Connector Types 


Antennas & Feedlines 
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Loading 


Adding inductance and/or 
capacitance allows physically 
shortening the radiating element 


Loading 


= Inductive loads — base, center, top 
= Screwdriver antennas (adjustable loading) 
= Hamstick-style antennas 
= Hustler center-loaded 
whips 
= Rubber HT antennas 
= Capacitance “Hats” 


= Texas Bugcatcher 
= Cushcraft MA5B 


Polarization 


SSB/CW is generally horizontal 

FM is generally vertical 

Satellites can be circular - RHCP, LHCP 
Polarization loss can be significant at VHF/UHF 


and microwaves 
Bounced signals can change polarization 


Verticals are more susceptible to QRM 


Radiation Patterns 


Visual representation of gain, beamwidth, 
F/B ratio and F/S 


ratio in one plane 


E-Plane is cross- 
section that includes 
driven element 


H-Plane is 


perpendicular to 
driven element 


Radiation Patterns 


-- OdBe E2NEC 


a 


Ground Plane Verticals 


V4 wave is omnidirectional with unity (OdBd) gain 
when provided a proper ground plane 

2 Wave 1s unity gain with no ground plane and 3dBd 
with ground plane 

5/8 wave is 3.5dBd gain with nice omni pattern and 
low radiation angle 

Longer antennas have more omni patterns with 
asymmetric ground planes (vehicles) and lower 
radiation angles (see below) 


'/4 wave /y wave 5/8 wave 


Ground Planes 


“Perfect” ground plane from 120 evenly spaced 
radials at least '/2 wave in leneth 

Blevated feeds (1/84 or more above ground) can 
use four '/4-wave radials 

Bending radials down raises feedpoint impedance 
closer to 50 ohms 


Antennas should be bonded to car electrically 
= Run the screws into the metal 
= Mag mounts have less effective ground 


Vehicle Mounting Verticals 


= Stay away from vertical metal, especially with 
load coils 


= Glass mount antennas may have large loss 


= Mounting location affects radiation pattern 
= 10M pattern shown 
= 2M pattern is more 
symmetric because 
sround plane is 
mote effective 


Imperfect Ground Planes 


Length of radials in 0.125 }0.15 |0.2 |0.25 |0.4 
wavelengths 


Total wire installedin |1.6 |3 5.4 |12 |22.5 |48 


waveleneths 


Power loss relative to |3 1.5 |1 J0.5 |n/a 
“perfect” eround plane 


Feedpoint impedance in|52 |46 43, (40 |37 {35 
ohms 


Collinear Verticals 


= wo elements separated by a phasing coil for increased 
gain 
= Several common styles: 5/8 over '/2, 5/8 over, 5/8 over 


5/8, V2 ovet 2. 


= This collinear design has two elements separated by a 
phasing coil. Both top and bottom elements are 5/8 
wave. Gain is typically 5 dB when mounted on a suitable 
eround plane. 


J Pole Verticals 


Typical Dual Band Antennas 


Model # 


NR7Z2BNMO 


NR73BNMO 


NRZ7OHA 


NR7900A 


SG/000A 
SG7500A 


SG/7900A 


Band 


2m 
70cm 
2m, 
70cm 
2m / 
70cm 


2m 7 
70cm 


2m / 
70cm 
2m 7 
70cm 
2m 7 
70cm 


Element 
Wavelength 


11/42, 11/2% 
ey orc icy 
11/2K, 25/8 


1/2A41/4X, 
3-5/8A 


11/4A, 1 3/8% 


11/2K, 25/8r 


21/4, 1 3/8A, 
35/8r 


Gain/ dBi 
Dalidy 26.() 
215953 


oH ahs 


3.7/ 6.4 


ZAS 3:8 
a oy 0.) 


Ey 6 


Watts 


100 


100 


200 


300 
Zou) 


100 


150 


150 


Mount 


NMO 


NMO 


hs 


Osis 


UHF 


WHY 


WHE 


Length 
Inches 


ler 


bore 
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SWR vs. Gain 


a ANT150F6 - 156 MHz 
ANT150F2 156 MHz ; Vertical Plane 
Vertical Plane Gain = Gain = 6.41 dBd 
2.55 dBd 
TYPICAL VSWR RESPONSE 


153 


FREQUENCY (MHz) 
FREQUENCY (MHz) 


Other Verticals 


= Discone 
= Wide usable frequency range 
= SWR ~2:1 for fundamental 
through second harmonic 
= SWR ~3:1 for remainder of 
covetage 
= Omnidirectional — Unity gain 
= Inverted-L 
= 2-3 dBd gain with vertical and 
horizontal components 
= Requires ground plane 
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Tuning for Resonance 


144 MHz 
146 MHz 
148 MHz 
150 MHz 
152 MHz 
154 MHz 
156 MHz 
158 MHz 
160 MHz 
162 MHz 
164 MHz 
166 MHz 
168 MHz 
170 MHz 
172 MHz 
174 MHz 


Balanced Feed Designs 


= Dipole 

= Simple and effective 

= Vertical or horizontal polarization 
= Loop 

= Full wave has 3dBd gain 

= Circular, Quad (square) or Delta (triangular) design 
= E and H-plane patterns vary with height above 

eround 


Dipole Patterns 


Duter Ring = 2.06 dBi 


B 


Dipole Types 


= Sloper 
= Has 3dB to 6dB of directivity 


towatd slope 


= Inverted-V 
= Single hich mount, internal angle 
should be >90 degrees 


= Bent 
= Good attic antenna 
= Keep center section straight 
= Remainder of element can bend 
ot curve to fit 
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Dipole Types — Cont. 


= Folded (TTFD) 
= High impedance needs 


open wire feed 


Spacer 


3 300 ohm 
= Same overall size as 1/2 wave feed 


dipole but contains 1 wave of & 
= Caged 
= Standard dipole with each leg made up of multiple wires 


around spacers forming a wite tube 
= Larger effective element diameter increases bandwidth 


= Extended Double Zepp 
= Two 0.64) elements provide 3dBd gain 


29 


Multiband Dipoles 


= Multiple/Fan 
= Multiple dipoles/loops at a single feed 


= Trap 
= Traps ate tuned circuits used to generate multiple 
resonances on a single wire 
= Traps cause loss and decrease bandwidth 


= GSRV 


= Non-resonant — tuner required 
= Radiation patterns vary with frequency 


Off-Center Fed Dipoles 


= Feedline attached 1/3 the length from the end 
= Same 7/2 wave overall size 
= Resonates at even harmonics, so 1 antenna can be 
used on 80m, 40m and 20m 
= 6th harmonic (15m) has too high impedance 
= Asymmetric impedance may cause current “in the 
shack” 


= Requires 4:1 or 6:1 current-type balun to match 


Other Multibanders 


= Random wite 
= Can be any leneth of wire 
= Requires tuner 
= Works against earth ground 


= Windom 
= “1” shape single wire feed attached 14% off center 
= Works against earth ground 
= “RF in the shack” is a potential problem 


Yagis 


72 wave dipole driven element 
Reflectors are 5% larger 
Directors are 5°% smaller 


Number of elements and boom length 
determine gain 


SWR, bandwidth, gain, boom length and front/ 


back ratios all have to be considered 
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Yagi Design Considerations 


= Gain, SWR, Bandwidth, Front/Back ratio are 
related and optimum values are not achieved 
simultaneously for each 

= Does antenna have power going in desired 
direction? Gain/Beamwidth 


Yagi Patterns 


E-Plane H-Plane 


Element Yagi aa? : . ie —Element Yagi 
A065 , 2 ee 5. ee A065 


-40-30 -20 


Elevation 


14.0° Elevation 4 . . a 30.0° Azimuth 
0 dB = 13.35 dBi acer S autecivssntt 7 ‘ 0 dB = 13.35 dBi 
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Typical Yagi Gains 


SWR <2:1 and 
Sy itl 
>20dB 
= Numbets are 
rounded to 
nearest 0.5 dB 


Hybrid Yagis 


= Quad 
= 1) loop driven element, reflector and directors 
= Up to 3dBd gain over standard yagi 
= Wider bandwidth than standard yagi 
= Quagi 
= Loop reflector and driven element 
= Simpler to feed and match at UHF 


= Looper 
= Entirely loop (generally circular) elements 


Log Periodic 


Constant characteristics over 
wide band (2:1) 

Several varieties but hams 
generally use dipole array 
(LPDA) 

All elements ate dtiven 

Gain similar to 3 element 
yaei — 7dBi, 5dBd 

Size similar to 3 element 
yagi at lowest frequency 


Summary 


Gain specs are rarely true 
Gain may be bad 
Anecdotal antenna stories have limited value 


Don’t buy “magic” antennas 
= If the manufacturer can’t provide the theory of 
design, don’t buy it 


Placement on vehicle at VHF+ isn’t critical 


